OOP 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP 1 130 822 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

05.09.2001 Bulletin 2001/36 

(21) Application number: 00307857.3 

(22) Date of filing: 11.09.2000 



(51) intci7: H04B 10/17, H04J 14/02 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 29.02.2000 US 515906 

(71 ) Applicant: Lucent Technologies Inc. 
Murray Hill, New Jersey 07974 (US) 

(72) Inventors: 

• Denkin, Nathan Myron 
Aberdeen. New Jersey 07747 (US) 



• Feulner, Matthias Richard 
90478 Nuernberg (DE) 

• Ma, Jiong 

Tinton Falls, New Jersey 07724 (US) 

• Werner, Dieter 

Neunkirchen Am Brand 90177 (DE) 

• Zhu, Ming Juan 

Edison, New Jersey 08817 (US) 

(74) Representative: 

Watts, Christopher Malcolm Kelway, Dr. et al 

Lucent Technologies (UK) Ltd, 

5 Mornington Road 

Woodford Green Essex, IG8 0TU (GB) 



(54) Method and apparatus for stabilizing transient control in amplified optical networks 



(57) An apparatus and method are described for 
controiimq resoonse to power transients in an optically 
ampi tied wavelength division multiplexed (WDM) net- 
work wrier WDM optical channels are added and 
dropped dunng network reconfigurations, during failure 
events, and so on. In one embodiment, a variable band- 
width filter circuit operates at a first prescribed band- 
width dunng a first time period t 0 to detect a change in 
signal power (i.e., power transient) caused by a tran- 
sient event, and operates at a second prescribed band- 



width that is less than the first prescribed bandwidth af- 
ter the first period of time elapses, e.g., to + Ax, to sub- 
stantially suppress low level signal variations, such as 
remnants of the power transient. In this way, the power 
transient related to the actual transient event will be pre- 
served to trigger control circuitry, e.g., amplifier gain 
control based on input power changes, while the rem- 
nants will be filtered out to prevent unwanted responses 
by the control circuitry, e.g., remnants misinterpreted as 
actual transient events. 
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Description 
TECHNICAL FIELD 

[0001] The invention relates generally to optically am- 
plified lightwave communication systems and, more 
particularly, to controlling transient response in such 
systems. 

BACKGROUND OF THE INVENTION 

[0002] To meet the increasing demands for more 
bandwidth and higher data rates in today's networks, 
wavelength division multiplexing (WDM) is being used 
extensively in long haul optical transmission systems 
and is being contemplated for use in short haul applica- 
tions, such as metropolitan area networks and the like. 
As is well known, WDM combines many optical chan- 
nels each at a different wavelength for simultaneous 
transmission as a composite optical signal in a single 
optical fiber. 

[0003] Optical amplifiers are commonly used in light- 
wave communication systems as in-line amplifiers for 
boosting signal levels to compensate for losses in a 
transmission path, as power amplifiers for increasing 
transmitter power, and as preamplifiers for boosting sig- 
nal levels before receivers. In WDM systems, optical 
amplifiers are particularly useful because of their ability 
to amplify many optical channels simultaneously. Rare 
earth-doped fiber optical amplifiers, e.g., erbium-doped 
fiber amplifiers, are commonly used in WDM systems, 
although othertypes of optical amplifiers, e.g. ; semicon- 
ductor optical amplifiers, can also be used. 
[0004] In an optically amplified WDM system, signal 
power transients in a WDM signal can be a significant 
problem. Signal power transients may occur as a result 
of adding or dropping individual optical channels, net- 
work reconfigurations, failures or recovery from failures, 
and so on. For example, adding or dropping individual 
channels of a WDM signal may cause changes in input 
power to an optical amplifier, which in turn results in 
changes in gain as well as fluctuations of power levels 
in surviving optical channels, i.e. , those optical channels 
that are still present in the WDM signal after an add/drop 
has occurred. Stated otherwise, because optical ampli- 
fiers in WDM systems are typically operated in satura- 
tion, the output power of an optical amplifier will not nec- 
essarily change in a corresponding manner with input 
power changes and, as a result, optical power in the in- 
dividual surviving channels will fluctuate undesirably. 
These power fluctuations may result in unnecessary 
protection switches in the network, transmission stabili- 
zation problems, unacceptable bit error rate degrada- 
tion if power variations are not within the dynamic range 
of receiver equipment, and other power-related prob- 
lems. 

[0005] Several gain control schemes have been pro- 
posed for reducing the effects of power transients. For 



example, EP Application No: 00306920.0 entitled "Fast 
Gain Control for Optical Amplifiers! 1 , which is incorporat- 
ed by reference herein, describes one approach for re- 
ducing the effects of signal power transients in an opti- 
5 cally amplified WDM network. In this approach, per- 
channel gain of individual optical channels is kept rela- 
tively constant despite changes in input power at the op- 
tical amplifier, such as when individual optical channels 
of the WDM signal are added/dropped. By maintaining 

to relatively constant per-channel gain in an amplified 
WDM signal despite changes in input power at the op- 
tical amplifier, power fluctuations are substantially re- 
duced in surviving optical channels of the WDM signal. 
[0006] However, even when a gain control scheme is 

is employed, there still may be problems relating to power 
transients that may perpetuate in the network depend- 
ing on network topology and other factors. For example, 
gain-controlled optical amplifiers may compensate for 
large power transients, but typically will not achieve 

20 complete suppression of low level signal variations. In 
particular, so-called remnants of the power transients 
may still perpetuate around the network. As used herein, 
power transient is meant to correspond to the initial pow- 
er-affecting change where it is desirable to respond to 

25 the transient event, e.g., the aforementioned gain con- 
trol to respond to a change in channel count. Remnants 
of power transients, or artifacts as they are sometimes 
referred to, are typically a result of imperfect approxima- 
tions that are made when responding to the initial tran- 

30 sient event, e.g., approximations of the amount of re- 
quired gain adjustment. Remnants may be in the form 
of oscillations of the initial power transient that perpet- 
uate as an error signal around the network. Unless at- 
tenuated, these remnants may de-stabilize or otherwise 

35 disturb the network. For example, remnants that are 
continuously routed around a network may trigger un- 
wanted effects if, for example, a subsequent optical am- 
plifier cannot distinguish the remnants from the initial 
power transient caused by an actual transient event. 

40 [0007] Remnants can be especially problematic in 
particular network topologies, such as a ring network. A 
WDM ring network, as is well-known, typically includes 
a plurality of interconnected nodes, at which WDM op- 
tical signals may be amplified and at which individual 

45 optical channels may be added or dropped. In a WDM 
ring network, remnants may continue to circulate around 
the ring getting further amplified as they pass through 
subsequent nodes. Consequently, the probability of 
remnants triggering an undesirable response increases 

50 in a network topology such as a ring. Moreover, during 
amplification, well-known cross-saturation effects (e.g., 
gain at a wavelength is affected by power present at oth- 
erwavelengths) may imprint the relatively low frequency 
components of amplitude variations of a signal at one 

55 wavelength on signals at other wavelengths. Similarly, 
during high power operation, non-linear effects in the fib- 
er also may transfer such amplitude variations from one 
wavelength to another. Thus, even if a channel with rem- 
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erence numerals, in which: 

FIG. 1 is a simplified block diagram showing an op- 
tical ring transmission system in which the princi- 
ples of the invention may be practiced; 
FIG. 2 is a simplified block diagram of an exemplary 
ring node from the optical ring transmission system 
of FIG. 1 ; 

FIG. 3 is an exemplary plot of amplitude versus time 
illustrating the presence of power transients and as- 
sociated remnants for an optical signal propagating 
around the optical ring transmission system shown 
in FIG. 1; 

FIG. 4 is a simplified functional block diagram of an 
exemplary in-line optical amplification arrangement 
incorporating one illustrative embodiment of the in- 
vention; 

FIGS. 5A and 5B are simplified functional block di- 
agrams of exemplary embodiments of the invention; 
FIGS. 6A and 6B are simplified functional block di- 
agrams of exemplary embodiments of the transient 
detector shown in FIGS. 5A and 5B, respectively, 
according to the principles of the invention; and 
FIG. 7 is a plot of amplitude versus time for an op- 
tical signal processed according to the principles of 
the invention. 



nants is dropped at a node, the effects of the original 
power transient may still persist in channels that contin- 
ue to propagate in the ring. 

SUMMARY OF THE INVENTION 

[0008] In optically amplified wavelength division mul- 
tiplexed (WDM) networks, response to power transients 
is controlled according to the principles of the invention 
in such away that control circuitry responds onlyto pow- 
er transients caused by an actual transient event and 
not to remnants of those power transients that propa- 
gate around the network. More specifically, a variable 
bandwidth filter circuit according to the principles of the 
invention operates at a first prescribed bandwidth during 
a first time period x 0 to detect a change in signal power 
(i.e., power transient) caused by a transient event, and 
operates at a second prescribed bandwidth that is less 
than the first prescribed bandwidth after the first period 
of time elapses, e.g., t 0 + At, to filter out low level signal 
variations, such as remnants of the power transient, 
noise, and so on. In this way, the power transient related 
to the actual transient event is preserved to trigger con- 
trol circuitry, e.g., amplifier gain control based on input 
power changes, while remnants are filtered out to pre- 
vent unwanted responses, e.g., remnants misinterpret- 
ed as actual transient events. 

[0009] According to one illustrative embodiment, the 
variable bandwidth filter circuit includes a band splitter 
for splitting an input signal into its low and high frequen- 
cy signal components. The low frequency signal com- 
ponents are routed in a first transmission path having a 
low frequency amplifier while the high frequency signal 
components are routed in a second transmission path 
having a high frequency amplifier. A switch is employed 
in the second path to either pass or block the transmis- 
sion of the high frequency components of the input sig- 
nal depending on whether a power transient is detected 
by a transient detector. A band adder combines the sig- 
nal components from the first and second paths to form 
an output signal that can then be used for subsequent 
transient control processing, e.g., optical amplifier gain 
control. By passing both high and low frequency com- 
ponents of the input signal when a transient event is de- 
tected, the bandwidth is effectively "opened" to capture 
both the high and low frequency signal components of 
the power transient in the input signal. By passing only 
the low frequency components of the input signal when 
a power transient is not detected, the bandwidth is ef- 
fectively "closed" or reduced so that only slow variations 
in the input signal are passed along. 

BRIEF DESCRIPTION OF THE DRAWING 

[0010] A more complete understanding of the inven- 
tion may be obtained from consideration of the following 
detailed description of the invention in conjunction with 
the drawing, with like elements referenced with like ref- 



DETAILED DESCRIPTION OF THE INVENTION 

30 [0011] Although the illustrative embodiments de- 
scribed herein are particularly well-suited for a wave- 
length division multiplexed (WDM) ring network having 
a plurality of nodes capable of amplifying and adding/ 
dropping WDM optical channels, and shall be described 

35 in this exemplary context, those skilled in the art will un- 
derstand from the teachings herein that the principles of 
the invention may also be employed in conjunction with 
other types of optical communication systems and net- 
works. For example, the principles of the invention may 

40 be employed in network topologies which may include 
cross-connects or other switching arrangements that 
are used to connect ring networks, star networks, point- 
to-point networks, mesh networks, and so on. Accord- 
ingly, the embodiments shown and described herein are 
only meant to be illustrative and not limiting. 
[0012] FIG. 1 shows a typical ring network 100 com- 
prising a plurality of ring nodes 102-107 interconnected 
by optical fiber 1 01 . Ring network 1 00 may support sin- 
gle wavelength optical communications or multi-wave- 

so length optical communications employing WDM tech- 
niques. For simplicity of explanation, the embodiments 
of the invention will be described in the context of WDM 
transmission. As such, optical fiber 101 of ring network 
1 00 carries a composite WDM optical signal comprising 

ss a plurality of individual optical channels of different 
wavelengths. 

[0013] As is well-known, ring nodes 102-107 may be 
configured to perform one or more different functions 
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such as. for example, adding and dropping optical sig- 
nals, amplification of optical signals that are added, 
dropped, or otherwise passing through the ring node, 
and so on. Consequently, each of ring nodes 102-107 
may not necessarily be equivalent in function or struc- 
ture. For the purpose of describing the principles of the 
invention, at least one of ring nodes 1 02-1 07 is capable 
of adding and/or dropping individual optical channels 
from the WDM optical signal as well as amplifying the 
WDM optical signal. 

[0014] For example, FIG. 2 shows a simplified func- 
tional block diagram of ring node 1 02 from network 1 00. 
Briefly, ring node 1 02 receives an input WDM signal 201 , 
drops one or more selected optical channels 202 via op- 
tical demultiplexer unit 21 0, adds one or more selected 
optical channels 203 via optical multiplexer unit 21 1 , am- 
plifies the further propagating optical channels in the 
WDM signal via optical amplifier 212, and transmits an 
output WDM signal 204 for the next ring node in network 
1 00. It will be apparent to those skilled in the art that the 
number of dropped and added channels do not neces- 
sarily have to be equal. Output WDM signal 204 there- 
fore includes all optical channels from input WDM signal 
201 less the dropped optical channels 202 plus the add- 
ed optical channels 203. 

[0015] Various well-known devices can be used for 
optical demultiplexer unit 210 and optical multiplexer 
unit 211 Ruch as for example, waveguide grating rout- 
ers thm Mm Uters fiber Bragg gratings in conjunction 
with opto* circulators or directional couplers, and so 
on As s jcti the detailed structure and operation of op- 
tical demultiplexer unit 210 and optical multiplexer unit 
211 will not be described in detail herein. Similarly, those 
skilled tn me art will recognize various amplification 
schemes suitable for use in ring node 102. By way of 
example rare earth-doped fiber optical amplifiers, such 
as erbium-doped fiber amplifiers, are used extensively 
in existing WDM systems. 

[001 6] The problem solved by the invention relates to 
power transients that occur in the WDM optical signal 
transported around the ring network. More specifically, 
the principles of the invention are directed toward han- 
dling remnants of power transients or other low level sig- 
nal variations, e.g., noise, that remain in the WDM signal 
after a transient control scheme, such as a gain control 
scheme, has already processed the signal to account 
for the initial power transients. As previously described, 
signal power transients may occur during transient 
events, such as when one or more individual optical 
channels are added or dropped, during network recon- 
figurations, in response to failures or recovery from fail- 
ures, and so on. 

[001 7] For a better understanding of the principles of 
the invention, a brief summary will first be provided on 
how power transients may be initially handled in a WDM 
system by a gain control scheme. In particular, it is well- 
known that optical amplifiers, such as erbium-doped fib- 
er amplifiers, are typically operated in saturation in 



WDM systems. As such, the output power of an optical 
amplifier will not correspondingly change according to 
input power changes (e.g., power transients) and, as a 
result, optical power in the individual surviving channels 

5 will fluctuate undesirably. For example, when 4 out of 8 
channels in a WDM signal are dropped, the power in 
each surviving channel then increases toward double 
its original channel power in order to conserve the sat- 
urated amplifier output power. Many different gain con- 

10 trol schemes have been proposed for controlling the re- 
sponse of optical amplifiers to such signal power tran- 
sients. 

[0018] Referring back to FIG. 2, again control scheme 
may be employed to control the response of optical am- 

15 plif ier 21 2 in the presence of power transients that may 
arise as a result of optical channels being dropped and/ 
or added by optical demultiplexer unit 210 and optical 
multiplexer unit 211 , respectively. The input power to op- 
tical amplifier 212 may change in response to a change 

20 in channel load (e.g, number of optical channels in the 
input WDM signal 201 ) as a result of add/drop functions 
in ring node 1 02. One approach for reducing the effects 
of signal power transients in an optically amplified WDM 
network is described in commonly assigned U.S. Patent 

25 Application Serial No. 09/382853, entitled "Fast Gain 
Control for Optical Amplifiers which is incorporated by 
reference herein in its entirety. Briefly, in this approach, 
gain of an optical amplifier is controlled in a feed-forward 
based control scheme by controlling the amount of 

30 pump power supplied to the optical amplifier as a func- 
tion of changes in optical input power to the optical am- 
plifier which are measured in a feed-forward monitoring 
path. The amount of pump power for effecting gain con- 
trol is then adjusted according to a scaled relationship 

35 to the measured input power of the optical amplifier. By 
maintaining relatively constant per-channel gain in an 
amplified WDM signal despite changes in input power 
at the optical amplifier (i.e., power transients), power 
fluctuations in surviving optical channels of the WDM 

40 signal are substantially reduced. Other suitable 
schemes for controlling the response of optical amplifi- 
ers to transient events will be apparent to those skilled 
in the art and are also contemplated for use in conjunc- 
tion with the principles of the invention. 

45 [0019] As previously described, even when a gain 
control scheme is employed, there still may problems 
relating to power transients that may perpetuate in the 
network depending on network topology or other fac- 
tors. For example, remnants of a power transient from 

50 an actual transient event may persist in the network 
when gain control circuitry does not completely sup- 
press the transient. Remnants are especially problem- 
atic in ring networks, such as ring network 1 00 (FIG. 1), 
because the remnants might be amplified as they circu- 

55 late around the ring. As such, the potential for an im- 
proper or undesirable response to these remnants be- 
comes even greater. For example, a remnant of a pre- 
vious power transient may trigger a gain control re- 
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sponse. This response is undesirable because a gain 
correction was already effected in response to the pow- 
er transient associated with the actual event, e.g., 
change in input power based on added/dropped chan- 
nels. The problem could become worse if the remnants 
continue to propagate around the ring network. Conse- 
quently, remnants circulating in a ring network can 
quickly de-stabilize transmission performance in a ring. 
[0020] FIG. 3 shows an exemplary plot of a signal 
processed by a typical control arrangement, such as 
one used to control an optical amplifier's response to 
powertransients caused by certain events or conditions, 
e.g., adding/dropping channels. More specifically, a 
power transient at time x 0 is shown to occur when a sig- 
nal drops from a first power level 31 5 to a second power 
level 31 6 in response to the particular transient event or 
condition at time x 0 . This power transient therefore cor- 
responds to the initial event which triggers an action by 
the control arrangement. However, despite the correc- 
tions implemented by the control arrangement in re- 
sponse to power transient 31 6 at time tq, remnants 3 1 7 
and 31 8 are produced. In particular, remnants 31 7 and 
318 of the original power transient 31 6 appear at times 
separated by At as they travel around the ring network, 
shown here as t 0 + At, Xq + 2At, and so on. For a WDM 
ring network, At would represent the round trip time for 
the remnant to travel around the ring. By way of exam- 
ple, At may be on the order of approximately 400 usee 
for a typical WDM ring configuration having several 
nodes and a fiber length of approximately 80 kilometers. 
It should also be noted that the particular form of rem- 
nants 317 and 31 8 may vary considerably. For example, 
remnants 31 7 and 31 8 may be in the form of oscillations 
of the original power transient 31 6 and their form and 
amplitude will depend on many factors including, but not 
limited to: number of nodes between wavelength add/ 
drop; degree of amplifier saturation; accuracy of the 
transient control scheme (e.g., gain control scheme); 
system channel load; relative power changes; and so 
on. 

[0021] Consequently, the invention is directed to the 
problem of handling the remnants 31 7-31 8 that remain 
after the transient control arrangement, e.g., gain con- 
trol scheme, responds to the initial power transient 31 6. 
Stated otherwise, the invention ensures that the rem- 
nants from any imperfect response to the initial power 
transients do not circulate around the ring network in 
such a way that they will trigger undesirable responses 
downstream, e.g., cause unnecessary protection 
switches, improper gain control response (i.e., false trig- 
ger for gain control), and so on. In sum, it is desirable 
to limit response to only the original transient event, e. 
g., change in channel count, and not to the remnants 
that circulate around the ring thereafter. To that end, one 
embodiment of the invention substantially suppresses 
or otherwise reduces these remnants from an insuffi- 
cient gain control response. 

[0022] FIG. 4 shows a simplified block diagram of one 



embodiment of the invention implemented in conjunc- 
tion with a gain control arrangement such as that dis- 
closed in EP Application No: 00306920.0 referenced 
hereinabove. Briefly, an incoming optical signal 401 is 

5 tapped at optical tap 41 0 in a well-known manner so that 
a first portion of the optical signal is routed to optical 
amplifier 425 and a second portion of the optical signal 
is routed to a signal monitor 426. For example, tap 410 
may comprise a so-called "98/2" tap wherein 98% of the 

10 optical signal power is supplied to optical amplifier 425 
while 2% is supplied to optical monitor 426. Signal mon- 
itor 426 employs conventional circuitry and techniques 
for measuring changes in signal power, i.e., input power 
to the optical amplifier, which is then used to control the 

15 amount of pump power for effecting gain control via 
pump control 427 and pump source 428. By way of ex- 
ample, signal monitor 426 may include a photodetector 
or any other well-known, suitable component that con- 
verts optical signal energy to a corresponding electrical 

so signal. In the embodiment shown in FIG. 4, signal mon- 
itor 426 receives the tapped optical signal from optical 
tap 410 and supplies an electrical signal to variable 
bandwidth filter circuit 500. The electrical signal output 
from signal monitor 426 is therefore used to facilitate the 

25 detection and measurement of signal power in the cor- 
responding WDM optical signal that is being supplied as 
input to optical amplifier 425. According to the principles 
of the invention, variable bandwidth filter circuit 500 can 
be disposed between signal monitor 426 and pump con- 

30 trol 427 to handle any remnants that may exist in the 
incoming optical signal. 

[0023] FIG. 5A shows one illustrative embodiment of 
variable bandwidth filter circuit 500 according to the prin- 
ciples of the invention. As shown, variable bandwidth 

35 filter circuit 500 includes band splitter 510 for splitting 
input signal 501 into its low frequency components for 
transmission in low pass section 511 and its high fre- 
quency components for transmission in high pass sec- 
tion 512. In the present embodiment, input signal 501 is 

40 an electrical signal that is supplied by signal monitor 426 
(FIG. 4). Input signal 501 provides information about the 
measured signal power corresponding to the optical sig- 
nal that is tapped at a position upstream from optical 
amplifier 425 (FIG. 4). Low pass section 511 includes 

45 low frequency amplifier 520 while high pass section 51 2 
includes high frequency amplifier 525 and switch 530. 
As will be described in more detail, high pass section 
512 is "switched in" only for transient processing in re- 
sponse to the detection of power transients via transient 

50 detector 600. Band adder 535 combines the signal com- 
ponents from low pass section 511 and high pass sec- 
tion 512 to form output signal 505. It will be apparent to 
those skilled in the art that band splitter 51 0, band adder 
535, switch 530, and low and high frequency amplifiers 

55 520 and 525, respectively, can be implemented using 
conventional, well-known circuit components, the oper- 
ation of which is also well-known. 
[0024] Band splitter 510 operates in a conventional 
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and well-known manner to split input signal 501 into its 
fast and slow signal components. By way of example, 
band splitter 510 can be any well-known filtering ar- 
rangement that serves as a low pass filter for directing 
the slow signal components, e.g., low frequency com- 
ponents, via low pass section 511 and as a high pass 
filter for directing the fast signal components, e.g., high 
frequency components, via high pass section 512. The 
slow signal components in low pass section 51 1 are am- 
plified by low frequency amplifier 520 while the fast sig- 
nal components in high pass section 512 are amplified 
by high frequency amplifier 525. Switch 530, which can 
be an analog switch, is capable of blocking the output 
of high frequency amplifier 525 depending on the output 
of transient detector 600. In general, switch 530 either 
operates in the open or closed position, wherein the 
cbsed position completes a circuit path to pass the fast 
(high frequency) signal components to band adder 535. 
In the open position, switch 530 prevents the fast (high 
frequency) signal components from reaching band 
adder 535. 

[0025] More specifically, switch 530 is operated in the 
closed position when transient detector 600 detects a 
power transient outside of acceptable thresholds, e.g., 
a large power transient caused by an actual transient 
event such as when optical channels are added/ 
dropped in the WDM signal. In this way, both the high 
and low frequency components from high and low pass 
sections 512 and 511 respectively are passed to band 
adder 535, which combines them to produce output sig- 
nal 505. Switch 530 is operated in the open position 
when transient detector 600 does not detect a power 
transient outside of acceptable thresholds, thereby 
blocking the high frequency signal components of input 
signal 501. Consequently, the high frequency signal 
components are filtered from input signal 501 such that 
band adder 535 only receives the low frequency signal 
components from low pass section 511 to produce out- 
put signal 505. Output signal 505 in this instance would 
therefore be considered a filtered version of input signal 
501 . Advantageously, direct current (DC) offsets are 
minimized when switch 530 is opened or closed since 
DC is blocked for high frequency amplifier 525. Output 
signal 505 from band adder 535 can then be provided 
to subsequent gain control circuitry (e.g., pump control 
427 in FJG. 4) to effect appropriate control of the optical 
amplifier. 

[0026] As will be described in more detail below with 
regard to FIG. 6A, transient detector 600 is used to dis- 
tinguish between power transients caused by actual 
transient events and low level signal variations, such as 
the remnants associated with the power transients, so 
that appropriate filtering can be performed by variable 
bandwidth filter circuit 500. In general, the filtering as- 
pect of variable bandwidth filter circuit 500 provides 
bandwidth control for "capturing" power transients 
caused by actual transient events and for "ignoring" 
remnants of power transients or other unwanted signal 



variations with small signal amplitude so that subse- 
quent optical amplifier control mechanisms can be con- 
trolled appropriately. Bandwidth control is achieved by 
operating variable bandwidth filter circuit 500 with higher 
5 bandwidth in a first mode (e.g., when a transient event 
is detected) and with lower bandwidth in a second mode 
(e.g, when a transient event is not detected). 
[0027] In particular, by passing both high and low fre- 
quency components of input signal 501 when a transient 
10 event is detected by transient detector 600, the band- 
width is effectively "opened" to capture both the high and 
low frequency signal components of the power tran- 
sient. Sufficient bandwidth is important in this case be- 
cause the shape and characteristics of the power tran- 

* s sient need to be preserved in the signal so that subse- 
quent control decisions, e.g., optical amplifier gain con- 
trol, can be accurately performed. In contrast, by pass- 
ing only the slowly varying low frequency components 
of input signal 501 when a power transient is not detect- 

20 ed by transient detector 600, the bandwidth is effectively 
"closed" or reduced so that only slow variations in input 
signal 501 will be passed along. By blocking the high 
frequency components of input signal 501 in this latter 
case, any remnants of a previously occurring power 

25 transient or other low level signal variations, e.g, noise 
signals : will be substantially damped enough in magni- 
tude so that they do not disturb the network, e.g., trigger 
an undesirable gain control response. For example, de- 
pending on system design parameters, it may be desir- 

30 able to "knock down" the remnants from approximately 
10% to approximately 1%. In both cases, keeping low 
frequency gain substantially the same, whetherthe high 
frequency components are being passed or blocked, 
ensures that offsets are kept to a minimum when switch- 
es jng back and forth between the various outputs. 

[0028] FIG. 7 further illustrates these bandwidth con- 
trol aspects according to the principles of the invention. 
A period of high bandwidth, shown as shaded portion 
720, occurs around time t 0 to capture the full magnitude 

40 of power transient 71 6 (e.g., both the high and low fre- 
quency signal components). However, the period of high 
bandwidth is limited so that the remnants 717 and 718 
that occur at subsequent intervals of At are not captured 
as transient events. Consequently, pump control 427 

45 (FIG. 4) or other transient control circuitry would re- 
spond to power transients 71 6 from the actual transient 
event while not being significantly affected by remnants 
71 7, 71 8 of the power transient. Thef iltering of remnants 
is an important advantage of the invention because rem- 

so nants that would otherwise travel around the ring net- 
work could be amplified by subsequent nodes and even- 
tually could trigger undesirable responses in gain con- 
trol circuitry, protection switching circuitry, and so on. 
[0029] Although not shown in FIG. 5A, appropriate de- 

55 lays may be incorporated in low frequency amplifier 520 
or otherwise within low pass section 51 1 to facilitate par- 
allel processing of the high and low frequency signal 
components of input signal 501 . For example, the delay 
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through low frequency amplifier 51 0 could be adjusted 
to be substantially the same as the summed delay 
through high frequency amplifier 520 and switch 530. 
[0030] FIG. 5B shows another illustrative embodi- 
ment of a variable bandwidth filter circuit according to 
the principles of the invention, shown here as 500'. As 
shown, variable bandwidth filter circuit 500' includes de- 
lay element 560, signal processing element 570, tran- 
sient detector 900, and analog switch 580. In one em- 
bodiment, delay element 560 is an analog delay element 
and signal processing element 570 is a low-pass filter, 
both of which can be implemented using conventional 
circuitry well-known to those skilled in the art. It should 
be noted that the embodiments shown and described 
herein are meant to be illustrative and not limiting in any 
manner. Accordingly, other suitable and well-known de- 
vices and techniques will be apparent to those skilled in 
the art and may be substituted consistent with the teach- 
ings of the invention. 

[0031] Input signal 501 is provided as input to delay 
element 560, signal processing element 570 (hereinaf- 
ter low pass filter 570 in the present embodiment), and 
transient detector 900. The detailed operation of tran- 
sient detector 900 will be described below with refer- 
ence to FIG. 6B. In general, the function of transient de- 
tector 900 is similar to that described for transient de- 
tector 600 (FIG. 5A), i.e., to distinguish power transients 
caused by actual transient events from remnants or oth- 
er unwanted signal variations. In the embodiment 
shown in FIG. 5B, transient detector 900 determines 
when a power transient is caused by an actual transient 
event and causes an appropriate action by switch 580. 
As shown , analog switch 580 receives a delayed version 
of input signal 501 , shown here as signal 561 , as well 
as a processed or filtered version of input signal 501, 
shown here as signal 571 . The delayed version 561 of 
input signal 501 includes both the high and low frequen- 
cy components since no filtering occurs in this path. By 
contrast, filtered version 571 of input signal 501 includes 
only low frequency components because of filtering by 
low pass filter 570. 

[0032] Based on the output of transient detector 900, 
analog switch 580 selects either the delayed version 
561 of input signal 501 or the filtered version 571 of input 
signal 501 depending on whether transient detector 900 
detects an actual transient event. As in the preceding 
embodiment, when a power transient is detected, ana- 
log switch 580 selects the higher bandwidth, delayed 
version 561 of input signal 501 so that the full magnitude 
and characteristics of the power transient can be cap- 
tured. By contrast, when a power transient is not detect- 
ed, analog switch 580 selects the lower bandwidth, fil- 
tered version 571 of input signal 501 . The signal select- 
ed by analog switch 580 is then provided as output sig- 
nal 505 which is subsequently processed by the gain 
control circuitry (e.g., pump control 427 in FIG. 4) to ef- 
fect appropriate control of the optical amplifier. 
[0033] In the preceding embodiments, either analog 



switch 530 or 580 can be configured to include an addi- 
tional control input (not shown) for receiving a separate 
control signal. By way of example only, the control input 
may be used to provide for software control of the sys- 
5 tern in one exemplary embodiment. Such software con- 
trol may be useful for operating analog switch 530 or 
580 in a particular state during startup procedures, dur- 
ing testing, and so on. In the preceding embodiments, 
an optical delay element (not shown) may also be incor- 
10 porated between optical tap 410 and optical amplifier 
425 (FIG. 4) to provide an additional predetermined 
amount of delay to compensate for processing delays 
in variable bandwidth filter circuits 500 and 500', e.g., 
delays associated with transient detectors 600 and 900 
15 (FIGS. 5A and 5B). 

[0034] FIG. 6A shows an exemplary embodiment of 
transient detector 600 according to the principles of the 
invention. Briefly, transient detector 600 includes a var- 
iable gain amplifier 610 for receiving input signal 501 , a 
20 gain controller 611 coupled to variable gain amplifier 
61 0, and a window discriminator 615 which receives, as 
one input, the amplified output signal 601 supplied by 
variable gain amplifier 610. Transient detector 600 fur- 
ther includes a signal threshold generator comprising 
25 reference voltage source 620, high limit controller 621 , 
low limit controller 623, and level controller 625 for es- 
tablishing upper and lower limits to facilitate the detec- 
tion of transients in input signal 501 . 
[0035] Flip-flop element 630 and delay element 631 
30 operate in conjunction with window discriminator 61 5 to 
effect the appropriate control over the selection of sig- 
nals by switch 530 (see FIG. 5A). The basic principles 
of operation of variable gain amplifiers, gain controllers 
(e.g., operational amplifier-based circuits), window dis- 
ss criminators, voltage limit controllers, and flip-flops are 
well-known to those skilled in the art and will not be de- 
scribed in detail here for sake of brevity. Instead, the use 
of these well-known circuit components will be de- 
scribed in terms of their functions that are relevant to 
40 practicing the invention. It should also be noted that this 
embodiment is meant to be illustrative only and not lim- 
iting. As such, various modifications and substitutions 
will be apparent to those skilled in the art and are con- 
templated by the teachings herein. 
45 [0036] In the embodiment shown in FIG. 6A, high limit 
controller 621 and low limit controller 623 serve as volt- 
age sources that are derived from reference voltage 
source 620. In particular, the output of reference voltage 
source 620 is provided as input to both high limit con- 
50 troller 621 and low limit controller 623. Responsive to 
reference voltage source 620, high limit controller 621 
outputs a voltage level that represents an upper limit or 
upper threshold 622 for input signal 501 , while low limit 
controller 623 outputs a voltage level that represents a 
55 lower limit or lower threshold 624 for input signal 501 . It 
should be noted that the prescribed values for upper and 
lower thresholds 622 and 624 respectively are a matter 
of design choice. For example, one factor affecting the 
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427 (FIG. 4) receives a signal having characteristics as 
shown in FIG. 7, i.e., preservation of power transient and 
"knocked down" remnants. Appropriate gain control can 
then be effected for optical amplifier 425 in response to 
the power transient while unwanted or undesirable re- 
sponses to remnants or other noise in the signal are sub- 
stantially reduced. 

[0052] Other variations or modifications to the embod- 
iments shown and described herein will be apparent to 
those skilled in the art consistent with the teachings of 
the invention. For example, control of the bandwidth (i. 
e., opening and closing) performed by analog switch 
580 and low-pass filter 570 (FIG. 5B) could be performed 
by a sample and hold circuit (not shown). For example, 
the sample and hold circuit would track during the shad- 
ed interval 720 (see FIG. 7) and be in a hold pattern at 
the end of the interval. In this manner, input signal 501 
would be updated whenever atransient occurs. Periodic 
updates could also follow at times that greatly exceed 
Ax, i.e., the time for a remnant to travel completely 
around the ring. For this case, transient detector 900 
would not require flip-flop element 975 and the associ- 
ated circuitry. An optical delay element (not shown) 
placed in the transmission path would also permit the 
control signal to change at the same time as when the 
number of channels changes, i.e., the transient event. 
[0053] Companding amplifiers could also be used 
where nonlinear detection of transients is desired. In 
such cases, the system could, for example, be made 
more responsive to losses of power rather than to in- 
creases in power. A tunable filter (not shown) could also 
be used according to the principles of the invention. In 
this case, an important design factor would relate to the 
response characteristics of the tunable filter for chang- 
ing bandwidth. For example, the tunable filter should 
ideally operate such that the bandwidth can be in- 
creased, i.e., opened, to a maximum value in less time 
than it takes for a power transient to drive the output to 
unacceptable levels. 

[0054] Furthermore, trade-offs can be made as a mat- 
ter of design choice as to whether the circuitry responds 
to percentage changes or absolute changes, both of 
which result in different amounts of control activity. 
[0055] The foregoing is merely illustrative of the prin- 
ciples of the invention. Those skilled in the art will be 
able to devise numerous arrangements, which, al- 
though not explicitly shown or described herein, never- 
theless embody those principles that are within the 
scope of the invention. For example, although the illus- 
trative embodiments were described in the context of 
optical amplifier control in WDM ring networks, the prin- 
ciples of the invention maybe employed with any control 
system in which there is a desired response to large sig- 
nals accompanied by a need to limit or suppress unde- 
sirable responses to small signal variations. 



Claims 

1. An apparatus for controlling response to power 
transients in an optically amplified wavelength divi- 

5 sion multiplexed (WDM) network, the apparatus 
comprising: 

a variable bandwidth filter circuit operable in 
a first mode to pass a power transient occurring in 
a WDM signal, wherein the power transient is indic- 

10 ative of a change in signal power corresponding to 
a transient event, and further operable in a second 
mode to substantially suppress low level signal var- 
iations in the WDM signal. 

is 2. The apparatus according to claim 1, wherein the 
transient event is an event selected from the group 
consisting of adding optical channels, dropping op- 
tical channels, a network reconfiguration, a failure 
event, and a recovery from a failure event. 

20 

3. The apparatus according to claim 2, wherein the 
transient event corresponds to adding or dropping 
one or more of the plurality of optical channels in 
the WDM optical signal such that a power transient 
occurs in optical signal power of one or more sur- 
viving optical channels. 

4. The apparatus according to claim 1 , wherein the low 
level signal variations include one or more rem- 
nants of the power transient occurring subsequent 
to the transient event. 

5. The apparatus according to claim 4, wherein the 
variable bandwidth filter circuit operates at a first 
prescribed bandwidth during a first period of time to 
pass the power transient when the transient event 
occurs and further operates at a second prescribed 
bandwidth that is less than the first prescribed band- 
width after the first period of time elapses to sub- 
stantially suppress the one or more remnants of the 
power transient. 

6. The apparatus according to claim 5, wherein the 
WDM network is a WDM ring network, wherein the 
WDM signal includes a plurality of optical channels, 
and wherein the one or more remnants propagate 
around the WDM ring network. 

7. The apparatus according to claim 6, wherein the 
variable bandwidth filter circuit is operable at the 
first prescribed bandwidth at time To and further op- 
erable at the second prescribed bandwidth at time 
t 0 + Ax, wherein x 0 is representative of the occur- 
rence of the transient event and wherein At is rep- 
resentative of approximate round trip time for the 
one or more remnants of the power transient to trav- 
el around the WDM ring network. 
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The apparatus according to claim 5, wherein the 
variable bandwidth filter circuit receives an input 
signal having high frequency signal components 
and low frequency signal components, and wherein 
the first prescribed bandwidth is sufficient to pass 5 
both the high frequency signal components and low 
frequency signal components and wherein the sec- 
ond prescribed bandwidth is sufficient to only pass 
the low frequency signal components. 

10 

. The apparatus according to claim 8, wherein the in- 
put signal is an electrical signal indicative of signal 
power in a corresponding optical signal. 

0. The apparatus according to claim 8, wherein the is 
variable bandwidth filter circuit comprises: 

a band splitter for separating the input signal 
into the low frequency signal components and 
the high frequency signal components; 20 
a low frequency amplifier coupled to the band 
splitter in a first transmission path for receiving 
the low frequency signal components; 
a high frequency amplifier coupled to the band 
splitter in a second transmission path for re- 25 
ceiving the high frequency signal components; 
and 

a switch coupled to the high frequency amplifier 
in the second transmission path, the switch ca- 
pable of blocking the high frequency signal 30 
components in response to the detection of the 
power transient. 

1. The apparatus according to claim 10, further com- 
prising: 35 

a transient detector for detecting the power 
transient in the input signal; and 
a band adder for combining signal components 
from the first and second transmission paths to 40 
produce an output signal. 



able to compare the value of the amplified out- 
put signal to the first and second threshold val- 
ues and produce a resultant logic output, 
wherein the logic output is capable of providing 
an indication of the presence or absence of a 
transient event. 

13. The apparatus according to claim 12, wherein the 
signal threshold generator includes: 

a reference voltage source; 
a high limit controller responsive to the refer- 
.... e,nce voltage source for generating the first 
threshold value; 

a low limit controller responsive to the refer- 
ence voltage source for generating the second 
threshold value; and 

a level controller responsive to the high limit 
controller and the low limit controller for gener- 
ating an output signal that is voltage con- 
strained by the first and second threshold val- 
ues. 

14. The apparatus according to claim 8, wherein the 
variable bandwidth filter circuit comprises: 

a delay element for receiving the input signal; 
a low pass filter for receiving the input signal 
and supplying a filtered version of the input sig- 
nal comprising the low frequency signal com- 
ponents; 

a transient detector for receiving the input sig- 
nal and detecting a power transient caused by 
a transient event; and 

a switch coupled to the delay element and to 
the low pass filter, the switch being operable to 
select the delayed version of the input signal in 
response to the detection of the transient event 
and, in the absence of a transient event, being 
operable to select the filtered version of the in- 
put signal. 
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!. The apparatus according to claim 11, wherein the 
transient detector comprises: 

45 

a variable gain amplifier for receiving the input 
signal and providing an amplified output signal; 
a signal threshold generator for producing a 
first and second threshold value associated 
with the input signal, wherein the first threshold so 
value is greater than the second threshold val- 
uesuch thatthe first threshold value represents 
an upper threshold for the input signal and the 
second threshold value represents a lower 
threshold for the input signal; and ss 
a window discriminator coupled to the signal 
threshold generator and to the variable gain 
amplifier, the window discriminator being oper- 



15. The apparatus according to claim 14, wherein the 
transient detector includes a first detection circuit 
comprising: 

a first sample and hold circuit for receiving and 
processing the input signal; 
a first and second multiplying amplifier, each 
coupled to an output of the first sample and h old 
circuit, the first multiplying amplifier being op- 
erable to produce a first threshold value asso- 
ciated with the input signal, the second multi- 
plying amplifier being operable to produce a 
second threshold value associated with the in- 
put signal, wherein the first threshold value is 
greater than the second threshold value such 
that the first threshold value represents an up- 
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per threshold for the input signal and the sec- 
ond threshold value represents a lower thresh- 
old for the input signal; and 
a first window comparator coupled to an output 
from each of the first and second multiplying 
amplifiers and to the input signal, the window 
comparator being operable to compare the val- 
ue of the input signal to the first and second 
threshold values and produce a resultant logic 
output, wherein the logic output is capable of 
providing an indication of the presence or ab- 
sence of a transient event. 
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